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Lq wklv sdshu/ zh frqvlghu wkh k|srwkhvlv wkdw sduwlfxodu vkruw0uxq fr0pryhphqwv lqglfdwlqj
wkdw vkrfnv kdyh vlplodu uhvsrqvhv pljkw rqo| h{lvw iru d sduwlfxodu uhjlph dqg qrw iru wkh zkroh
vdpsoh1 D wzr0vwhs surfhgxuh lv vhw xs wr whvw dqg hvwlpdwh wkh pxowl0uhjlph frpprq f|folfdo
ihdwxuh1 Wklv dssurdfk lv xooxvwudwhg e| dqdo|}lqj wkh vwdelolw| ri wkh PfFdooxp*v +4<<7, prqhwdu|
srolf| uhdfwlrq ixqfwlrq iru Gdqlvk gdwd1
Nh|zrugv= Frpprq F|fohv/ Pdunry Vzlwfklqj/ Lqwhuhvw Udwhv
MHO= F55
WFruuhvsrqglqj dxwkru= Dodlq Khft/ Xqlyhuvlw| ri Pddvwulfkw/ Ghsduwphqw ri Txdqwlwdwlyh Hfrqrplfv/ S1R1 Er{ 949/
9533 PG Pddvwulfkw/ Wkh Qhwkhuodqgv1 Hpdlo= d1khftCnh1xqlpddv1qo1 Krphsdjh= zzz1shuvrqhho1xqlpddv1qo2d1khft1
_D suhylrxv yhuvlrq ri wklv sdshu zdv suhvhqwhg dw HVHP 5335 lq Yhqlfh dqg dw wkh Frpprq Ihdwxuhv phhwlqj lq Ulr/
53351 Wkh dxwkruv judwhixoo| dfnqrzohgjh ￿qdqfldo vxssruw iurp PHWHRU wkurxjk wkh uhvhdufk surmhfw ￿Pdfurhfrqrplf
frqvhtxhqfhv ri ￿qdqfldo lqvwdelolwlhv￿1 Zh wkdqn Mhdq0Slhuuh Xuedlq iru xvhixo frpphqwv dqg Fkulvwldq Jhqjhqedfk
iru h{fhoohqw uhvhdufk dvvlvwdqfh1 Wkh xvxdo glvfodlphu dssolhv1
44 Lqwurgxfwlrq
Hfrqrplf vhulhv glvsod| pdq| vlplodulwlhv zklfk fdq eh uhpryhg e| olqhdu frpelqdwlrq1 Vxfk frpprq
ihdwxuhv dulvh zkhq wkh vhulhv h{klelw fr0pryhphqwv/ l1h1 zkhq wkh| duh jhqhudwhg e| frpprq idfwruv1
H{dpsohv duh frpprq vwrfkdvwlf wuhqgv +frlqwhjudwlrq,/ frpprq vhuldo fruuhodwlrq +frpprq f|fohv,/
frpprq DUFK/ frpprq vwuxfwxudo euhdnv +fr0euhdnlqj,/ frpprq vhdvrqdolw|/ hwf1 Krzhyhu/ gxh wr
wkh lpsruwdqfh ri wkh vsxulrxv uhjuhvvlrq lvvxh/ wkh exon ri wkh olwhudwxuh kdv pdlqo| irfxvhg rq orqj0
uxq fr0pryhphqwv wkurxjk frlqwhjudwlrq dqdo|vhv1 Pruh uhfhqwo|/ vrph dxwkruv kdyh dovr dqdo|}hg
wkh h{lvwhqfh ri vkruw0uxq fr0pryhphqwv ehwzhhq vwdwlrqdu| wlph vhulhv ru ehwzhhq ￿uvw gl￿huhqfhv ri
frlqwhjudwhg L+4, vhulhv/ qdpho| wkh suhvhqfh ri frpprq f|folfdo ihdwxuhv1 Wkhvh zloo eh dvvrfldwhg
zlwk frpprq exvlqhvv f|fohv dqg vrphwlphv lqwhusuhwhg dv d frqglwlrq iru hfrqrplf frqyhujhqfh dqg
dq rswlpdo prqhwdu| xqlrq1
Qhyhuwkhohvv/ wkh suhvhqfh frpprq f|fohv fdq eh kdug wr ￿qg ryhu orqj shulrgv1 Wklv sdshu
wkhuhiruh lqyhvwljdwhv d ohvv uhvwulfwlyh dssurdfk wkdw doorzv iru wkh h{lvwhqfh ri pxowl0uhjlph vkruw0
uxq fr0pryhphqwv1 Lq wkh yhlq ri Fdqghorq dqg Khft +5333, zkr sursrvh d uhfxuvlyh dqdo|vlv wr ghwhfw
euhdnv lq frpprq f|folfdo ihdwxuh uhodwlrqvklsv/ rxu dssurdfk shuplwv pxowlsoh mxpsv1 Lq rwkhu zrugv/
wkh vhulhv kdyh d slhfhzlvh vhuldo fruuhodwlrq frpprq ihdwxuh surshuw| vxfk wkdw wkhuh h{lvwv d vwdeoh
vkruw0uxq olqn ehwzhhq yduldeohv zlwklq vrph ri wkh uhjlphv exw qrw qhfhvvdulo| rq wkh ixoo shulrg1
Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 suhvhqwv frqfhswv uhodwhg wr wkh frpprq
f|folfdo ihdwxuh olwhudwxuh1 Vhfwlrq 6 irfxvhv rq hvwlpdwlrq surfhgxuhv1 Vhfwlrq 7 uhsruwv wkh rxwfrph
ri d Prqwh0Fduor h{huflvh1 Zh lqyhvwljdwh lq Vhfwlrq 8 wkh uhodwlrqvkls ehwzhhq wkh yduldwlrq ri wkh
vkruw whup lqwhuhvw udwh dqg wkh whup vsuhdg lq Ghqpdun1
5 Frpprq F|folfdo Ihdwxuhv dqg Froolqhdu Lpsxovh Uhvsrqvhv
Dffruglqj wr wkh frpprq vhqvh d uhjlph uhsuhvhqwv d shulrg ri uhdvrqdeoh vwdelolw|1 Zh duh lqwhuhvwhg
lq uhjlphv gxulqj zklfk vlplodu vkrfnv kdyh vlplodu lpsdfwv1 Wklv vlplodulw| ehwzhhq wkh lpsxovh dqg
wkh uhvsrqvh uhyhdov wkh suhvhqfh ri frpprq wudqvplvvlrq phfkdqlvpv wkdw uhvxow iurp dxwrpdwlf
vwdelol}dwlrq phfkdqlvpv/ wkh prgl￿fdwlrq lq wkh ehkdylru ri hfrqrplf djhqwv ru iurp wkh zloolqjqhvv
ri srolf| pdnhuv wr shj wkh hfrqrp|1
Wkh vwurqjhvw irup ri vxfk uhodwlrqvklsv lv froolqhdu lpsxovh uhvsrqvh uhjlphv1 Lq vxfk d vlwxdwlrq
wkh v|vwhp dgmxvwv lqvwdqwdqhrxvo| wr h{rjhqrxv vkrfnv dqg wkh yduldeohv kdyh wkh Vhuldo Fruuhodwlrq
Frpprq Ihdwxuh surshuw| +VFFI khuhdiwhu/ vhh Hqjoh dqg Nr}lfnl/ 4<<6> Ydklg dqg Hqjoh/ 4<<6,1 Wr
gh￿qh pruh suhflvho| VFFI/ ohw xv vwduw zlwk ￿+O,\| @ ￿.%|/ wkh yhfwru dxwruhjuhvvlyh prgho +l1h1 d
YDU+s,, iru d q0yhfwru ri L+4, wlph vhulhv i\|>w@4 >===>Wj/ iru ￿{hg ydoxhv ri \3Rn￿>===>\ f dqg zkhuh
5￿+O, ￿ L? ￿
SR
￿’￿￿￿O￿1 %| lv QLG+3>￿, dqg ￿ lv d yhfwru ri frqvwdqw whupv14 Zh ixuwkhu dvvxph
wkdw wkh surfhvv \| lv frlqwhjudwhg ri rughu +4/4, dqg zh uxoh rxw L+5, surfhvvhv1 Zlwk udqn+￿+4,, @ u>
3 ?u?q >￿+4, fdq eh h{suhvvhg dv ￿+4, @ ￿￿￿
￿
> zlwk ￿ dqg ￿ erwk +q￿u, pdwulfhv ri ixoo froxpq
udqn u1 Wkh froxpqv ri ￿ vsdq wkh vsdfh ri frlqwhjudwlqj yhfwruv/ dqg wkh hohphqwv ri ￿ duh wkh
fruuhvsrqglqj dgmxvwphqw frh!flhqwv1 Xvlqj ￿+O, ￿ ￿+4,O .￿ + O ,￿ zkhuh ￿+O,@L ?￿
S R 3 ￿
￿ ’￿ ￿￿O￿/
dqg ￿￿ @ ￿
SR
￿’￿n￿ ￿￿ iru l @4 >===>s￿4 zh rewdlq wkh yhfwru huuru0fruuhfwlrq prgho +YHFP
khuhdiwhu/ vhh lqwhu dold Mrkdqvhq/ 4<<8,
￿\| @ ￿ . ￿￿￿\|3￿ .
R3￿ [
￿’￿
￿￿￿\|3￿ . %|= +4,
Lq +4,/ wkh vhulhv ￿\| kdyh v VFFI uhodwlrqvklsv li wkhuh h{lvwv d q￿v ixoo froxpq udqn pdwul{ ￿ vxfk
wkdw ￿￿+￿\| ￿ ￿,@￿ ￿% |lv d v0glphqvlrqdo zklwh qrlvh=5 Wklv lpsolhv wkh iroorzlqj uhvwulfwlrqv rq wkh
YHFP sdudphwhuv lq +4,= 4￿, ￿￿￿ @3dqg 5￿, ￿￿￿￿ @3 >l@4===s￿4=Lpsrvlqj VFFI/ wkh YHFP
fdq eh zulwwhq dv d idfwru prgho ￿\| @ ￿.￿zF￿]|.%| @ ￿.￿zI|.%|> zlwk ￿￿￿z @3dqg wkh +q￿v,
frpprq sursdjdwlrq phfkdqlvpv I| duh jlyhq e| wkh surgxfw ri d +q￿v,￿+u .q+s￿4,, sdudphwhu
pdwul{ F￿ dqg wkh g|qdplfv lq ]| @+ \￿
| 3 ￿￿>￿\ ￿
|3￿>===>￿\￿
|3Rn￿,￿=
Eh|rqg wkh idfw wkdw VFFI |lhogv d pruh sduvlprqlrxv uhsuhvhqwdwlrq dqg frqvhtxhqwo| ohvv fr0
h!flhqwv wr hvwlpdwh/ wkh suhvhqfh ri frpprq f|folfdo ihdwxuhv lq wkh g|qdplfv ri pxowlyduldwh wlph
vhulhv kdv vrph qdwxudo lpsolfdwlrqv iru wkhlu lpsxovh uhvsrqvh ixqfwlrqv +LUI,1 Iluvwo|/ wkhuh frxog eh
d ghfuhdvh lq wkhlu frq￿ghqfh lqwhuydov gxh wr h!flhqf| jdlqv iurp h{foxglqj uhgxqgdqw sdudphwhuv1
Vhfrqgo|/ fr0pryhphqwv lpso| frpprqdolw| lq LUIv vkdshv vlqfh/ e| gh￿qlwlrq/ LUIv duh froolqhdu iru
yduldeohv h{klelwlqj VFFI +vhh Ydklg dqg Hqjoh/ 4<<6,16 Wkdw phdqv wkdw h{rjhqrxv vkrfnv d￿hfwlqj
wkh olqhdu frpelqdwlrq glh rxw lq ixwxuh shulrgv1 Lq rughu wr looxvwudwh wklv/ zh vlpxodwh wzr gl￿huhqw
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zlwk wkh hohphqwv ri ￿>￿ ￿￿ @4 9 >￿ 22 @5 8dqg ￿￿2 @4 7dqg zkhuh wzr Gdwd Jhqhudwlqj Surfhvvhv
4Rqo| dq xquhvwulfwhg lqwhufhsw kdv ehhq lqwurgxfhg lq wkh uhjuhvvlrq1 Dgglwlrqdo frpsrqhqwv vxfk dv vhdvrqdo
gxpplhv/ rxwolhuv/ ghwhuplqlvwlf wuhqgv ru rwkhu h{rjhqrxv yduldeohv fdq dovr eh frqvlghuhg1
5Qrwlfh wkdw zh frxog uhod{ wkh vwurqj zklwh qrlvh dvvxpswlrq xqghuo|lqj VFFI dqg xvh ohvv vwulqjhqw dssurdfkhv vxfk
dv wkh Frghshqghqfh F|foh +Ydklg dqg Hqjoh/ 4<<:, ru wkh Sro|qrpldo Vhuldo Fruuhodwlrq Frpprq Ihdwxuh +Fxedggd
dqg Khft/ 5334,1
6Wklv lv reylrxv wr vkrz ehfdxvh li d pdwul{ ￿ lv ri uhgxfhg udqn/ srzhuv ri ￿ vxfk dv ￿
2c￿
￿ ￿￿￿￿ xvhg lq wkh
frpsxwdwlrq ri LUIv kdyh wkh vdph ohiw qxoo vsdfh1
6+GJS￿ dqg GJS2, duh ghwhuplqhg e| gl￿huhqw ydoxhv ri dxwruhjuhvvlyh pdwul{ ￿￿>l@4 >5 =Uhpdun
wkdw rqo| wkh vhfrqg GJS/ l1h1 wkh rqh zlwk ￿2> lpsolhv d VFFI vwuxfwxuh zlwk d frihdwxuh yhfwru
jlyhq e| ￿ @+ 4 > 4,￿= Iljxuh 4 vkrzv d uhdol}dwlrq iru W @433 ri erwk surfhvvhv wrjhwkhu zlwk wkhlu
LUIv1 Judskv d, dqg e, looxvwudwh txlwh zhoo wkh gl!fxow| wr glvfulplqdwh judsklfdoo| ehwzhhq v|vwhpv
zlwk dqg zlwkrxw wkh VFFI surshuw|1 Wkh LUIv kdyh ehhq frpsxwhg xvlqj wkh Fkrohvnl idfwrul}dwlrq
dqg wkh vkrfn lv h2 @+ 3 > 4,￿= Iljxuh g, hpskdvl}hv wkdw xqghu d VFFI vwuxfwxuh/ vkrfnv glvdsshdu
ehfdxvh wkh vxp ri wkh wzr LUIv lv d  dw olqh 1 Wkhvh uhodwlrqvklsv duh wkxv fdoohg froolqhdu lpsxovh
uhvsrqvh uhjlphv1
LQVHUW ILJXUH 4
Krzhyhu/ wkh suhvhqfh ri VFFI yhfwru frxog eh klgghq e| vrph vruw ri qrq0olqhdulw| lq wkh vkruw
uxq fr0pryhphqwv1 Lq rughu wr hpskdvl}h wkdw lvvxh/ zh frqvlghu wkh Pdunry Vzlwfklqj YHFP +PV0
YHFP khuhdiwhu/ vhh Nuro}lj dqg Wrur/ 5333,
￿\| @ ￿+v|,.￿ + v |, ￿ ￿\ | 3 ￿.
R 3 ￿ [
￿ ’￿
￿￿+v|,￿\|3￿ . %|> +6,
zkhuh wkh xqrevhuydeoh uhjlph yduldeoh v| lv d Pdunry fkdlq zlwk P vwdwhv gh￿qhg e| wkh wudqvl0
wlrq suredelolwlhv s￿￿ dqg zlwk %|mv| ￿ QLG+3>￿+v|,,= Wkh vhulhv lq +6, kdyh wkh Pxowl0uhjlph Vh0
uldo Fruuhodwlrq Frpprq Ihdwxuh surshuw| +PVFFI/ khuhdiwhu, li wkhuh h{lvwv d pdwul{ ￿￿+v|, zlwk
v| 5 +4===P, vxfk wkdw iru dw ohdvw rqh vwdwh/ ￿￿+v|,+￿\| ￿ ￿+v|,, @ ￿￿+v|,%| lv dq lqqrydwlrq1 Zkhq
￿+v|’￿,@===@￿+v |’￿,@￿> VFFI lv irxqg rq wkh zkroh shulrg= Qrwlfh wkdw wkh qxpehu ri froolqhdu
lpsxovh uhvsrqvh uhjlphv fdq eh vpdoohu wkdq P li rqo| PW ?Pvwdwhv kdyh wkh VFFI surshuw|1
Iru lqvwdqfh/ lw pljkw eh srvvleoh wkdw gxh wr vrph uljlglwlhv/ frpprq f|folfdo ihdwxuhv duh revhuyhg
gxulqj errpv exw qrw gxulqj uhfhvvlrqv1
6 Wkh Hvwlpdwlrq Surfhgxuh
Ehvlghv wkh julg vhdufk surfhgxuh ruljlqdoo| sursrvhg e| Hqjoh dqg Nr}lfnl +4<<6, iru frpprq vhuldo
fruuhodwlrq dqg frpprq DUFK/ wkhuh h{lvw wzr pdlq phwkrgv wr whvw iru fr0pryhphqwv dqg wr rewdlq
frihdwxuh yhfwruv1 Wkhvh duh wkh fdqrqlfdo fruuhodwlrq dssurdfk dqg uhjuhvvlrq whfkqltxhv edvhg rq
LY/ JLYH ru JPP hvwlpdwruv1 Wkh vhfrqg fodvv ri hvwlpdwruv kdv vrph gudzedfnv vlqfh wkh| uho| rq
wkh fkrlfh ri d qrupdol}dwlrq dqg ehfrph wulfn| iru pruh wkdq rqh frihdwxuh uhodwlrqvkls exw wkh| duh
hdvlhu wr fduu| rxw lq wkh suhvhqfh ri qrq0olqhdulwlhv1 Wklv lv zk| zh rqo| irfxv rq wkh odwwhu1 Iru wkh
YHFP lq +4,/ zh ghqrwh Z| @+ ￿ \￿
| 3 ￿>===>￿\￿
|3Rn￿>\￿
|3￿a ￿>4,￿ wkh 4.q+s￿4,.u vhw ri lqvwuxphqwv
7frpsrvhg ri wkh odjjhg q yduldeohv/ wkh huuru0fruuhfwlrq whupv dqg dq lqwhufhsw17 Zh ghqrwh frqvlghu
wkh frihdwxuh yhfwru zlwk dq lqwhufhsw e| ￿ ￿ @+ 4 >￿￿, ￿= Wkh frqglwlrq iru ￿ ￿ ehlqj d frpprq ihdwxuh
yhfwru iru +￿|￿|>￿[￿
|,￿ zkhuh ￿[| @+ ￿ | 2 |>===>￿| ?|>4,￿ fdq eh zulwwhq dv dq ruwkrjrqdolw| frqglwlrq
H+^￿|￿| ￿ ￿[￿
|￿‘ ￿ Z￿










xvlqj wkh qrwdwlrq iru whpsrudo frqfdwhqdwlrq ryhu w @4===W>Z@+ Z ￿>Z 2>===Z A, ￿= Wkh ydolglw|
ri wkh ruwkrjrqdolw| frqglwlrq dqg frqvhtxhqwo| wkh suhvhqfh ri d frpprq ihdwxuh yhfwru lv rewdlqhg
yld dq ryhulghqwl￿fdwlrq whvw ªo dKdqvhq +vhh Kdplowrq/ 4<<7,/ zkrvh hpslulfdo frxqwhusduw lv
Whvw￿ @+ x ￿￿ Z ,+a ￿2
￿ ￿ Z￿ ￿ Z,3￿+ ￿ Z￿x,>
zlwk a ￿2
￿ lv wkh vdpsoh yduldqfh ri wkh uhvlgxdov x| @￿ | ￿ |￿￿ [ ￿
|a ￿ UT dqg zkhuh ￿ Z lv wkh ghphdqhg Z>
qdpho| ￿ Z @ Z ￿ l+l
￿
l,
3￿lZ +zlwk l @+ 4 ===4,￿, ehfdxvh zh gr qrw zdqw wr lpsrvh wkdw wkh frihdwxuh
yhfwru dovr dqqlklodwhv wkh frqvwdqw whupv1
Whvw￿ dvvxphv krprvfhgdvwlflw|1 Zh dovr xvh d urexvw JPP whvw vwdwlvwlfv wkdw h{whqg wkh LY
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33 ￿￿￿ x 2
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zlwk x| @￿ | ￿ |￿ ￿ [ ￿
| a ￿ UT>w@4 ===W> wkh uhvlgxdov rewdlqhg xqghu krprvfhgdvwlflw| xvlqj wkh
LY hvwlpdwlrq lq d ￿uvw vwhs1 Zh pd| wkhq irup wkh iroorzlqj qhz vhtxhqfh ri uhvlgxdov xW
| @
￿|￿| ￿ ￿[￿
|a ￿C￿￿ dqg xvh wkhvh wr frpsxwh d qhz whvw urexvw wr khwhurvfhgdvwlflw|
Whvw2 @+ x W￿ ￿ Z,+ ￿ Z￿E ￿ Z,3￿+ ￿ Z￿xW,=
7Zh fdq fkrrvh ehwzhhq ￿uvw ghphdqlqj doo wkh yduldeohv lq {t| dqg lq wkh lqvwuxphqwv ‘| ru dowhuqdwlyho| wr nhhs
dq lqwhufhsw erwk lq wkh frihdwxuh uhodwlrqvkls dqg lq ‘|￿ Wkhvh wzr phwkrgv jlyh htxlydohqw frihdwxuh frh!flhqwv1
8Dowhuqdwlyho|/ wkh Qhzh|0Zhvw hvwlpdwru fdq eh xvhg1
8Whvw￿ dqg Whvw2 dv|pswrwlfdoo| iroorz d "2
Ev￿ glvwulexwlrq xqghu wkh qxoo ri VFFI1 Wkh qxpehu ri
ghjuhhv ri iuhhgrp lv jlyhq e| wkh qxpehu ri uhvwulfwlrqv lpsrvhg xqghu wkh qxoo/ l1h1   @ v ￿ +q+s ￿
4, . u, ￿ v+q ￿ v, ru   @ q+s ￿ 5, . u .4zlwk v @4 =Fdqghorq/ Khft dqg Yhuvfkrru +5335, kdyh
looxvwudwhg wkh lqwhuhvw ri xvlqj Whvw2 zlwk ￿qdqfldo gdwd1
Zlwk dw prvw rqh frihdwxuh yhfwru e| vwdwhv/ zh kdyh xqghu PVFFI wkh iroorzlqj svhxgr0
vwuxfwxudo v|vwhp
;
A A A A A ?
A A A A A =
+￿|￿| ￿ ￿[￿
|￿+v|,, @ ￿|
￿|2| @ ￿2+v|,.￿ 2+ v |, ￿ ￿\ | 3 ￿.
S R 3 ￿
￿ ’￿ ￿2c￿+v|,￿\|3￿ . %2c|
====
￿|?| @ ￿?+v|,.￿ ?+ v |, ￿ ￿\ | 3 ￿.
S R 3 ￿
￿ ’￿ ￿?c￿+v|,￿\|3￿ . %?c|
zlwk ￿| @ ￿￿+v|,%|>￿ ￿ + v | ,@+ 4 >￿￿+v |,,￿ lv wkh PVFFI yhfwru dqg zkhuh wkh sdudphwhuv kdyh ehhq
lqgh{hg e| wkhlu olqh lq wkh YHFP1 Wkh hvwlpdwlrq vkrxog surylgh dq hvwlpdwh ri wkh frh!flhqwv lq doo
wkh vwdwhv v|/ wkh suredelolw| ri dsshdudqfh ri wkh uhjlph P> sEr|’￿￿ dw wlph w +zkhuh
S￿
￿’￿ sEr|’￿￿ @4 ,
dqg dovr d suredelolw| s￿￿ ri wudqvlwlrq iurp d uhjlph l wr d vwdwh m iru wkh zkroh vdpsoh1 Rxu
phwkrgrorj| iru whvwlqj dqg hvwlpdwlqj pxowl0uhjlph VFFI frqvlvwv ri d wzr0vwhs surfhgxuh1 Lq wkh
￿uvw vwdjh dq hvwlpdwlrq ri wkh frqglwlrqdo suredelolwlhv ri ehlqj lq d sduwlfxodu uhjlph lv rewdlqhg yld
wkh H{shfwdwlrq0Pd{lpl}dwlrq +HP, dojrulwkp +vhh Ghpsvwhu/ Odlug dqg Uxelq/ 4<:: dqg Kdplowrq
4<<3, zlwk frqvwudlqhg ru qrq frqvwudlqhg yduldqfhv exw zlwk vzlwfklqj wkh dxwruhjuhvvlyh sdudphwhuv1
Lq wkh vhfrqg vwhs/ zh xvh wkh wudqvlwlrq suredelolwlhv rewdlqhg lq wkh ￿uvw vwhs/ wr exlog P lqglfdwru
ixqfwlrqv I￿ iru l @4 >===>P1 Wkh ixqfwlrq I￿ w d n h vd4l qu h j l p hldqg 3 hovhzkhuh1 D whvw ri frpprq








Zh pxvw vhw xs d uxoh wr glvfulplqdwh wkh uhjlphv1 Wr gr vr/ zh xvh wkh hvwlpdwhg suredelolwlhv ri
ehlqj lq d sduwlfxodu vwdwh1 Li wkhvh suredelolwlhv ri ehlqj lq uhjlph l h{fhhgv d sduwlfxodu wkuhvkrog
f/ wkhq zh frqvlghu wkdw uhjlph l suhydlov1 Kdplowrq +4<<3, dgylvhv wr frqvlghu f @31:/ exw zh zloo
shuirup d vhqvlwlylw| dqdo|vlv doorzlqj f @ i3=9>3=:>3=;>3=<j=
Wkh ehkdylru ri wkh whvwv iru frpprq ihdwxuhv fdq eh d￿hfwhg e| wkh ghwhuplqdwlrq ri wkh uhjlphv
lq wkh ￿uvw vwhs1 Wkh qh{w vhfwlrq hydoxdwhv wkh vpdoo vdpsoh shuirupdqfh ri rxu dssurdfk wkurxjk d
Prqwh Fduor vwxg|1
7 Prqwh0Fduor Vlpxodwlrqv
Lq rughu wr looxvwudwh wkh nh| ihdwxuhv ri rxu surfhgxuh/ zh kdyh vlpxodwhg d wzr0uhjlph YDU vlplodu
wr +5, zlwk ￿￿￿ @ ￿22 @4dqg ￿￿2 @3 = 8dqg zlwk ￿ @+ 3 = ; > 3 = ;,￿= Zh fkdqjh wkh sursruwlrq ri
erwk uhjlphv dqg zh vlpxodwh irxu gl￿huhqw w|shv ri GJSv pl{lqj GJS￿ dqg GJS21 Lq wkh ￿uvw
9h{shulphqw +83083,/ GJS￿ krogv iru rqh kdoi wkh vdpsoh zkhuhdv GJS2 lv xvhg iru wkh vhfrqg kdoi1
LUIv duh froolqhdu lq wkh vhfrqg uhjlph exw qrw lq wkh ￿uvw rqh1 Lq wkh vhfrqg h{shulphqw +:8058,/
GJS￿ krogv iru wkh ￿uvw wkuhh txduwhuv ri wkh vdpsoh dqg GJS2 iru wkh odvw txduwhu1 Lq wkh wklug
h{shulphqw +580:8,/ zh frqvlghu GJS￿ iru wkh ￿uvw txduwhu dqg GJS2 diwhu1 Lq wkh odvw h{shulphqw
+58058083,/ zh doorz iru wzr fkdqjhv lq uhjlph= GJS￿ lv xvhg iru wkh ￿uvw dqg wkh odvw txduwhuv dqg
GJS2 lq ehwzhhq1 Wklv odvw fdvh lv sduwlfxoduo| lqwhuhvwlqj ehfdxvh lw vkrzv wkh ydoxh dgghg ri d
PV dssurdfk ryhu d wudglwlrqdo vwuxfwxudo euhdn surfhgxuh/ qdpho| wkh srvvlelolw| wr revhuyh pxowlsoh
fkdqjhv ehwzhhq uhjlphv1 Zh xvh 6333 uhsolfdwlrqv dqg fkrrvh d vdpsoh vl}h ri 533 revhuydwlrqv19
Wdeoh 4 uhsruwv wkh uhmhfwlrq iuhtxhqflhv iru erwk Whvw￿ dqg Whvw2=Wkh ￿uvw dqg wkh vhfrqg froxpqv
ri hdfk h{shulphqw jlyh wkh uhmhfwlrq iuhtxhqflhv ri wkh VFFI k|srwkhvlv iru uhjlph 4 dqg 5/ dqg wkxv
lqglfdwh uhvshfwlyho| wkh srzhu dqg wkh vl}h ri rxu whvw +qrplqdo vl}h lv 8(,1
LQVHUW WDEOH 4
Lw wxuqv rxw wkdw wkh suhvhqfh dqg wkh orfdwlrq ri froolqhdu LUI uhjlphv duh fruuhfwo| ghwhfwhg hyhq
zkhq wkhuh duh wzr fkdqjhv +h{shulphqw 7,1 Wkh ￿uvw vwhs ri wkh surfhgxuh kdv rqo| d vpdoo lpsdfw rq
wkh ryhudoo rxwfrph ri wkh whvwv1 Qr vl}h glvwruwlrqv lv revhuyhg zkhq erwk uhjlphv frqwdlq kdoi ri wkh
vdpsoh1 Li zh ghfuhdvh wkh qxpehu ri revhuydwlrqv iru rqh uhjlph/ wkh odwwhu ehfrphv pruh gl!fxow wr
hvwlpdwh dffxudwho| dqg wkh hpslulfdo vl}h lqfuhdvhv hyhq wkrxjk wkh qxpehu ri revhuydwlrqv lv odujhu
+olnh lq wkh 580:8 fdvh,1 Wkh vwdwlvwlf Whvw2 ehkdyhv voljkwo| ehwwhu wkdq Whvw￿=Wkh olqn ehwzhhq wkh
uhmhfwlrq iuhtxhqflhv dqg wkh wkuhvkrog f lv dovr lq olqh zlwk rxu h{shfwdwlrqv/ dv zh qrwlfh wkdw wkh
hpslulfdo vl}h jhwv forvhu wr 8( dv f lqfuhdvhv1 Wkh srzhu lv kljk dqg lqfuhdvhv zlwk wkh vdpsoh vl}h1
Krzhyhu/ wkhuh pd| h{lvw d erughu h￿hfw uhvxowlqj iurp wkh lqfoxvlrq ri srlqwv frplqj iurp dqrwkhu
uhjlph zkhq shuiruplqj wkh whvw vwdwlvwlf1 Wr looxvwudwh wklv zh kdyh grqh wkh vdph h{shulphqwv exw
zh wdnh vxevdpsohv e| gursslqj 4( ri wkh vdpsoh vl}h erwk rq wkh uljkw dqg wkh ohiw kdqg vlghv ri
hdfk hvwlpdwhg uhjlphv1 Zh revhuyh wkdw dowkrxjk iru W @5 3 3 >rqo| wzr srlqwv duh vnlsshg iurp
hdfk vlghv/ d ghfuhdvh ri wkh vl}h glvwruwlrqv lv qrwlfhdeoh1 Iru wkh irxu h{shulphqwv zlwk Whvw￿ dqg
f @3 = < / wkh uhmhfwlrq iuhtxhqflhv ehfrphv uhvshfwlyho| 91::/ :1;8/ :198 dqg :167 lqvwhdg ri 91;:/ 43166/
;1<6 dqg ;16;1
Ilqdoo|/ zh kdyh dovr shuiruphg wkh vlpxodwlrqv iru wkh xqfrqvwudlqhg yduldqfh fdvh dqg zh uhf0
rpphqg lq wklv fdvh wr xvh Whvw2 zlwk f @3 = < =Zlwk wklv vshfl￿fdwlrq wkh vl}h ri wkh whvw +zlwkrxw
gursslqj erughu srlqwv, lv :1;5/ ;165 dqg ;153 iru wkh ￿uvw wkuhh fdvhv1
9Jdxvv urxwlqhv duh dydlodeoh xsrq uhtxhvw1 Lqlwldo frqglwlrqv iru uhjlph 4 fruuhvsrqg wr wkh hvwlpdwlrqv rewdlqhg e|
ROV rq wkh zkroh vdpsoh1 Iru uhjlph 5/ wkh| duh vhw xs wr 0318-ROV hvwlpdwlrqv1 485 srlqwv duh xvhg wr lqlwldol}h wkh
surfhvv1
:8 Hpslulfdo Dqdo|vlv
Zh looxvwudwh rxu dqdo|vlv xvlqj wkh prqhwdu| srolf| uhdfwlrq prgho ghyhorshg e| PfFdooxp +4<<7,
￿u| ￿ u| ￿ u|3￿ @ ￿+U| ￿ u|,.￿ |= +7,
Wkh uxoh lv edvhg rq wkh revhuydwlrq wkdw fhqwudo edqnv dgmxvw wkh vkruw whup lqwhuhvw udwh u| lq
ixqfwlrq ri wkh whup vsuhdg U|￿u|= Wkh srolf| sdudphwhu lv ￿ ￿ 3 dqg ￿| lv dq huuru whup uhsuhvhqwlqj
h{rjhqrxv vkruw udwh vkrfnv/ qdpho| rwkhu frpsrqhqwv ri wkh srolf| ehkdylru1 Hyhq wkrxjk prqhwdu|
dxwkrulwlhv jhqhudoo| xvh d zlghu udqjh ri srolf| lqglfdwruv wkdq wkh vsuhdg/ wkh fruuhodwlrq ehwzhhq
wkh vsuhdg dqg rwkhu lqglfdwruv vxfk dv wkh uhdo hfrqrplf jurzwk dqg2ru lq dwlrq h{shfwdwlrqv lv
kljk1 Frqvhtxhqwo|/ fhqwudo edqnv lqfuhdvh u| zkhq zlghqlqj vsuhdg vljqdov kljkhu h{shfwhg ixwxuh
lq dwlrq dqg fruuhvsrqglqjo| kljkhu vkruw udwhv1 Ri frxuvh ￿| grhv qrw qhhg wr eh zklwh qrlvh exw
lw phdvxuhv wkh vshhg ri dgmxvwphqw ri wkh uhdfwlrq ixqfwlrq dqg wkh srwhqwldo suhvhqfh ri rplwwhg
srolf| lqglfdwruv1:
Zh xvh Gdqlvk 40 dqg 6 prqwkv lqwhuhvw udwhv/ vdpsohg dw prqwko| iuhtxhqf| dqg fryhulqj wkh
shulrg Mdqxdu| 4<:9/ Ghfhpehu 4<<41 Wkhvh vhulhv duh wdnhq iurp Hqjvwhg dqg Q|krop +5333, zkr
kdyh dqdo|}hg wkh fkdqjh lq wkh prqhwdu| srolf| wkdw rffxuuhg ehwzhhq 4<;6 dqg Dxjxvw 4<;81 Ehiruh
wkdw shulrg wkh Gdqlvk prqhwdu| srolf| frxog urxjko| eh fkdudfwhul}hg e| d txdqwlwdwlyh frqwuro ryhu
wkh prqh| vxsso| wkurxjk wkh dgmxvwphqw ri wkh vkruw whup lqwhuhvw udwh1 Wkh ￿{hg h{fkdqjh udwh
uhjlph lqwurgxfhg lq wkh ehjlqqlqj ri 4<;6 dqg wkh r!fldo lqwhuhvw udwh wdujhwlqj lq Dxjxvw 4<;8/
kdyh uhgxfhg wkh vfrsh ri wkdw prqhwdu| srolf|1
Iljxuh 5 suhvhqwv wkh frqglwlrqdo suredelolwlhv ri ehlqj lq uhjlph 4 zlwk d YDU+5,1 Lw lv vlplodu
wr Iljxuh 6 lq Hqjvwhg dqg Q|krop +5333, iru wkh YDU+4, fdvh1 Zh ghwhfw d fkdqjh lq uhjlph lq
4<;7=7/ qdpho| d ihz prqwkv odwhu wkdq Hqjvwhg dqg Q|krop +5333,/ dqg lw wxuqv rxw wkdw uhjlph 4
fryhuv wkh shulrg 4<;7=804<<4=45 dqg uhjlph 5 vsdqv 4<:9=704<;7=61 Wdeoh 5 uhsruwv wkh rxwfrph ri wkh
frpprq ihdwxuh whvwv zlwklq d YDU+4, dqg d YDU+5,1 Lw dovr lqfoxghv wkh hvwlpdwlrq ri wkh frihdwxuh
frh!flhqw lq ￿u| @ a ￿vsuhdg| iru wkh urexvw JPP +Whvw2, zlwk vzlwfklqj yduldqfhv1 Whvw vwdwlvwlfv
kdyh uhvshfwlyho| 4 dqg 6 ghjuhhv ri iuhhgrp xqghu wkh qxoo dqg frqvhtxhqwo| zh fdqqrw uhmhfw wkh
suhvhqfh ri d VFFI uhodwlrqvkls lq erwk uhjlphv1 Krzhyhu/ wkh srolf| sdudphwhu kdv gudpdwlfdoo|
ghfuhdvhg lq wkh vhfrqg sduw ri wkh vdpsoh vkrzlqj wkdw vwdeoh h{fkdqjh udwh remhfwlyh |lhoghg wr wkh
orvv ri wkh prqhwdu| lqvwuxphqw1 Vxfk d uhvxow frq￿upv wkh frqfoxvlrqv lq Mxvholxv +4<<;, iru prqh|
ghpdqg1
:Htxdwlrq +7, lv rqh ri wkh htxdwlrq ri d prgho wkdw wulhv wr uhfrqfloh wkh h{shfwdwlrq k|srwkhvlv ri wkh whup vwuxfwxuh
ri lqwhuhvw udwhv zlwk hpslulfdo ￿qglqjv dqg lw kdv ehhq xvhg e| Kvx dqg Nxjohu +4<<:, dqg Nxjohu +5333, iru lqvwdqfh1
;LQVHUW WDEOH 5 dqg ILJXUH 5
9F r q f o x v l r q
Lq wklv sdshu/ zh kdyh sursrvhg d qhz dssurdfk wr ghwhfw pxowl0uhjlph frpprq f|folfdo ihdwxuhv1 Wklv
phwkrg frqvwlwxwhv d vlpsoh wzr0vwhs surfhgxuh/ zklfk ￿uvw hvwlpdwhv wkh uhjlphv/ dqg wkhq whvwv iru
wkh suhvhqfh ri frpprq ihdwxuhv rq wkhvh vwdwhv1 Wklv zrun fdq eh frqvlghuhg lq wkh olqh ri Glherog
dqg Uxghexvk*v +4<<7, dqdo|vlv iru g|qdplf idfwruv prghov zlwk uhjlph vzlwfklqj1 Zh dssolhg wklv
whvw wr dqdo|}h d prqhwdu| uhdfwlrq ixqfwlrq ªo dPfFdooxp +4<<7, iru Gdqlvk gdwd1 Vlploduo| wr
Hqjvwhg dqg Q|krop +5333,/ wzr glvwlqfwlyh vwdwhv duh ghwhfwhg1 Wkh frh!flhqwv ri wkh 50uhjlph
VFFI uhyhdo wkdw wkh prqhwdu| srolf| vwuhqjwk ghfuhdvhg diwhu Dsulo 4<;71 Wkh lqvwlwxwlrqdo fkdqjhv
zklfk rffxuuhg lq Ghqpdun lq 4<;6 +oliwlqj ri fdslwdo uhvwulfwlrqv dqg wkh dgrswlrq lq Pdufk 4<;6 ri
d ohvv  h{leoh Hxurshdq H{fkdqjh Udwh Phfkdqlvp, h{sodlq wkh fkdqjhv lq wkh frqgxfw ri prqhwdu|
srolf|1
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